A pulsed high voltage was applied to logs for mushroom cultivation to investigate an effect of pulse high voltage on mushroom growth. Inductive energy storage system was utilized to construct a pulsed power generator with compact size. Copper fuse of 0.03 mm diameter was used as an opening switch to interrupt large circuit current in short time. The voltage charged in primary energy storage capacitor was multiplied using secondary energy storage inductor. The output voltage of the pulsed power generator was 120 kV with 100 ns pulse width at 14 kV charging voltage of 0.22 µF primary energy storage capacitor and 15 µH secondary energy storage inductor. This pulsed high voltage was applied to 90 cm length logs inoculated Pholiota nameko fungus. The yield of Pholiota nameko mushrooms was successfully improved with the pulse voltage stimulation. The total weight of the cropped Pholiota nameko after the pulse voltage stimulation was 6.3 kg for fifteen logs and this value was 1.5 times larger than 4.3 kg of total weight without the stimulation. The number of logs with lower than 0.27 kg cropped Pholiota nameko weight which was an average value for control group was only one in fifteen, whereas four logs in control group showed almost zero weight of cropped Pholiota nameko.
Introduction
Mushrooms extraordinary grow-up around a hit point of a lightning have been reported by some mushroom farmers [1] . The mechanism of the mushroom outbreak is not clear, but some researchers suggest two possibilities. One is the generation of cracks in mycelium hyphae by the lightning because mushroom fruiting bodies are generated from cracks in hyphae [1] . The other is the activity of enzymes. Some enzymes were activated by applying pulse electric field and, as the results, mushroom fruiting bodies were actively developed [2] .
An effectiveness of electrical sources such as high voltages in sinusoidal waves or pulses in cultivating mushrooms has been reported by several researchers since the 1950s. In 1984, Mibuchi et al. reported that the yield of shiitake mushrooms (Lentinula edodes) increased by electrical stimulation [3] . They achieved the improvement of mushroom yield to be double by applying an impulse high voltage with 40 µs pulse width. Some other researchers also achieved the improvement of mushroom yield using other electrical sources such as high voltages * corresponding author; e-mail: takaki@iwate-u.ac.jp of sinusoidal waves or short width pulses [2] [3] [4] [5] . For the commercial use of the cultivating technique, it is necessary to develop compact and portable high-voltage power sources.
Inductive energy storage (IES) pulsed power generators have favourable features for the mushroom culture applications, e.g. compact size, cost effectiveness, light weight, high voltage amplification compared with capacitive energy storage generators such as the impulse generator [6] . Tsukamoto et al. carried out high voltage pulse stimulation in Lentinula edodes cultures using IES pulsed power generator [7] . However, it is not clear that an effect of the high-voltage stimulation for other kinds of mushrooms such as a nameko mushroom (Pholiota nameko) which is mainly cultured at north part of Japan; Tohoku area. In this paper, the effect of high-voltage pulse stimulation applied with IES pulsed power generator on Pholiota nameko mushroom yield is described. Figure 1 shows the IES pulsed power generator circuit used for the experiment of pulse voltage stimulation of the nameko mushrooms. The IES pulsed power generator basically consists of a primary energy storage capacitor C, a closing switch GS, a secondary energy storage inductor L and an opening switch [8] . Copper fuse of 0.03 mm diameter was used as the opening switch to interrupt large current in short time. The primary energy storage capacitor of 0.22 µF was charged up using high voltage dc power supply (50 kV maximum voltage). A charging voltage V 0 of the primary energy storage capacitor C and an inductance of the secondary energy storage inductor L were changed in range from 10 to 16 kV and from 1.3 to 38 µH, respectively. The circuit current and the output voltage were measured with Pearson 110A current transformer and Pulse Electronics EP-100K high-voltage probe, respectively. The output signals from the current transformer and the voltage probe were monitored using a Tektronix TDS3054B digitizing oscilloscope. ductance of the secondary energy storage inductor are chosen to be 8 cm and 15 µH, respectively. The time 0 means closing the switch GS. The circuit current starts to flow after closing the switch GS with LC oscillation. The peak value of the circuit current is 430 A at around 0.85µs after closing the gap switch. The circuit current decreases gradually from 430 to 350 A with increasing time from 0.85 to 1.1 µs. This time duration corresponds to a fuse melting phase. The circuit current is interrupted after fuse melting phase within 50 ns. The output voltage increases rapidly and has a maximum voltage of 120 kV, which means that an amplification factor defined as the ratio of the maximum output voltage to the charging voltage is equal to 10. The pulse width of the output voltage is 50 ns in FWHM (full-width at half--maximum). The high-voltage pulse is produced by the total circuit inductance and rapid current interruption produces a high-voltage pulse expressed as
Behaviour of pulsed power generator
where i means the circuit current. cation factor decreases with charging voltage higher than 14 kV. Figure 4 shows the peak output voltage as a function of charging voltage at 8 cm fuse length and 15 µH inductance. The peak output voltage increases with increasing the charging voltage and saturates around 14 kV charging voltage. In general, the maximum output voltage is limited by breakdown voltage between the fuse [8] . Therefore, the electric field for breakdown is estimated to be 15.7 kV/cm for 125.5 kV at 8 cm fuse length. matured in the woods during period necessary for each experiment. The experiment was carried out as an attempt to increase the yields of Pholiota nameko in autumn of 2006. We obtained the data of total weight of Pholiota nameko using all flush (fruit body formation) for the log history. Logs of 15 were used as applying voltage group. All data were the total value of 15 logs. The logs of applying voltage group were stimulated with the pulsed voltage of 120 kV; 14 kV charging voltage, 15 µH inductance and 6 cm fuse length. Fifteen logs of the control group were not stimulated with the pulse voltage. Another fifteen logs were applied with the 120 kV pulse voltage as the stimulation on 5th October of 2006.
Effect of pulsed power stimulation
Fruiting bodies of nameko mushrooms were cropped from 15th October to 17th November. The mushrooms were cropped every morning during the cropping term. Figure 6 shows the total weight of nameko mushroom cropped by 15 logs as a function of days from the pulsed power stimulation for the both groups. The 120 kV pulse voltage was applied as the stimulation at once. Figure 7 shows the photograph of cultured Pholiota nameko. The Pholiota nameko start to appear about two weeks after the stimulation and stop to appear at day of 26th. The yield of Pholiota nameko is successfully improved with the pulse voltage stimulation as shown in Fig. 6 . The total weight of the cropped Pholiota nameko with the pulse voltage stimulation is 6.3 kg for fifteen logs and this value was 1.5 times larger than 4.3 kg of total weight without the stimulation. Figure 8 shows the total weight of nameko mushroom cropped by each log for stimulated and control groups. The cropped mushroom weights from the logs with the stimulation are larger than those without the stimulation, whereas the data has some scattering. The number of logs with lower than 0.27 kg cropped Pholiota nameko weight which is an average value for control group is only one in fifteen, whereas four logs in control group shows almost zero weight of cropped Pholiota nameko.
Conclusions
The pulsed high voltage was applied to logs for mushroom cultures to investigate an effect of pulse high--voltage on the growth. The inductive energy storage system was employed to realize a compact pulsed power generator. The copper thin fuse was used as opening switch to interrupt large circuit current in short time. The fuse had the dimension of 0.03 mm diameter and 6 cm length. The output voltage of the pulsed power generator was 120 kV with 100 ns pulse width. This 120 kV high-voltage pulse was applied to 90 cm length logs inoculated nameko fungus in October of 2006. The fifteen logs were applied the pulsed voltage and were cultivated for a month. The results showed that the yield of Pholiota nameko mushrooms was successfully improved with the pulse voltage stimulation. The total weight of the cropped Pholiota nameko with the pulse voltage stimulation was 6.3 kg for fifteen logs and this value was 1.5 times larger than 4.3 kg of total weight without the stimulation. The number of logs lower than 0.27 kg cropped Pholiota nameko weight which was an average value for control group was only one in fifteen, whereas four logs in control group showed almost zero weight of cropped Pholiota nameko.
